This research article reports the experimental results of the density, viscosity, refractive index, and speed of sound analysis of binary mixtures of dimethylsulfoxide (DMSO) + 1-phenylethanone (acetophenone) and + 1,4-dimethylbenzene (para-xylene) over the whole composition range at 313.15, 318.15, 323.15, and 328.15 K and at atmospheric pressure. The excess molar volumes ( ), viscosity deviations (Δ ), excess Gibbs energy of activation ( ), deviations in isentropic compressibility ( ), deviations in speed of sound ( ), and deviations in the molar refraction (Δ ) were calculated from the experimental data. The computed quantities were fitted to the Redlich-Kister equation to derive the coefficients and estimate the standard error values. The viscosities have also been correlated with two, and three-parameter models, that is, Heric correlation, McAllister model, and Grunberg-Nissan correlation, respectively.
Introduction
This paper is a continuation of our ongoing research on the solution properties. Studies of the thermodynamic properties of binary mixtures play an important role in the fundamental understanding of different molecules and the interactions prevalent in them. In the present study, data on density, viscosity, refractive index, and speed of sound of binary mixtures of dimethylsulfoxide (DMSO) + 1-phenylethanone (acetophenone) and 1,4-Dimethylbenzene ( -xylene) at 313.15, 318.15, 323.15, and 328.15 K has been measured experimentally. From these results, the excess molar volumes, viscosity deviations, deviations in molar refraction, deviations in speed of sound, and isentropic compressibility have been derived. Dimethylsulfoxide is a versatile nonaqueous dipolar aprotic solvent having wide range of applications like in veterinary medicine, dermatology, microbiology, experimental immunology, and enzyme catalyzed reactions. It can easily pass through membranes, a quality which has been verified by numerous researchers. It has the ability to penetrate through living tissues without damaging them.
Therefore an anesthetic or penicillin can be carried through the skin without using a needle which makes it paramount in medicinal field. Acetophenone is the simplest aromatic ketone organic compound. It can easily dissolve in water, but, since it is denser than water, it tends to sink. Its vapor is heavier than air and when inhaled in high concentrations it can be narcotic and also mild irritant to the eyes and skin. It is mostly used to create fragrances that smell like cherry, almond, strawberry, or other fruits. Acetophenone can also be found naturally occurring in fruits such as apple and banana.
-xylene is an aromatic hydrocarbon based on benzene with two methyl substituents, opposite to each other. It is a colorless, flammable liquid and is insoluble in water. It is used as a thinner for paint and in paints and varnishes. The study of the thermodynamic properties of DMSO + 1-phenylethanone (acetophenone) and + 1,4-dimethylbenzene ( -xylene) mixtures is of interest mainly in industrial fields where solvent mixtures could be used as selective solvents for numerous reactions. In principle, interactions between the molecules can be established from the study of the deviations from ideal behavior of physical properties such as molar volume and isentropic compressibility. The negative or positive deviations from the ideal value depend on the type and the extent of the interactions between the unlike molecules, as well as on the composition and the temperature. The variation of the isentropic compressibility is analogous of that of the excess molar volume, whereas the change of the deviation in speed of sound tends to become the inverse [1] . Physical and transport properties of liquid mixtures also affect most separation procedures, such as liquid-liquid extraction, gas absorption, and distillation [2] . The mixture DMSO--xylene has been earlier reported twice in literature at different temperatures [1, 3] .
Experimental Section

Materials.
The chemicals used are of analytical reagent grade. Dimethylsulfoxide (DMSO) is from Riedel, Germany; 1-phenylethanone (acetophenone) and 1,4-dimethylbenzene ( -xylene) are from S-D Fine Chemicals, Mumbai. The chemicals were purified using standard procedure [4] and were stored over molecular sieves. The purity of the chemicals was verified by comparing density, viscosity, and refractive index with the known values reported in the literature as shown in Table 1 . All the compositions were prepared by using SARTORIUS balance. The possible uncertainty in the mole fraction is estimated to be less than ±1 × 10 −4 .
2.2.
Viscosity. Kinematic viscosities were measured by using a calibrated modified Ubbelohde viscometer [5] . The calibration of viscometer was done at each temperature in order to determine the constants and of the following equation:
The viscometer was kept vertically in a transparent-walled water bath with a thermal stability of ±0. 
Experimental Results and Correlations
At least three independent readings of all the physical property measurements of density ( ), viscosity ( ), refractive index ( ), and speed of sound ( ) were taken for each composition and the averages of these experimental values are presented in Tables 2 and 3 for both systems. The experimentally determined values are used for the deviation calculations.
Excess Molar Volume.
Density values are used to evaluate excess molar volume by the equation
where 1 , 2 are the densities of pure components and is the density of the mixture. 1 , 2 are the molar mass of the two components and 1 , 2 are the mole fraction of DMSO. Excess Gibbs' free energy of activation has been also calculated using the viscosity and density of the mixture by the equation
where is a universal gas constant, is the temperature of the mixture, and and are the viscosities of the mixture and pure compound, respectively. , refer to the molar volume of the mixture and pure components, respectively.
Viscosity Calculations.
The deviation in viscosity is obtained by the following equation: ] .
Herric [6] correlation
and Grunberg-Nissan [7] equation
have been fitted to viscosity data and it was found that both have the same standard errors at each temperature. Tables 2  and 3 . The isentropic compressibility was evaluated by using = −2 −1 and the deviation in isentropic compressibility is calculated using the following equation:
Isentropic Compressibility. The experimental results for the speed of sound of binary mixtures are listed in
where id stands for isentropic compressibility for an ideal mixture calculated using Benson-Kiyohara model [8, 9] :
where and are the thermal expansion coefficient and molar heat capacity of the th components, respectively.
The deviation in speed of sound is given by
Molar Refraction.
Refractive indices have been used for the calculation of molar refraction ( ) that is obtained by using Lorentz-Lorenz equation [8] . Deviation in molar refraction (Δ ) is calculated by the following equation: where refers to the refractive index, is molar refraction of the mixture, is molar refraction of the th component, and Φ is ideal state volume fraction.
All the deviations ( , Δ , Δ , Δ , and ) have been fitted to Redlich-Kister polynomial regression of the type
to derive the constant using the method of the least square.
Standard deviation for each case is calculated by
where is the number of data points and is the number of coefficients. Derived parameters of the Redlich-Kister equation (12) and standard deviations (13) are presented in Tables 4 and 5 .
Discussions
The excess molar volume from 313.15 to 328.15 K versus the mole fraction of both mixtures with respect to DMSO is shown in Figure 1 . The molar volume of the mixtures and the viscosity data have been used for the calculation of Gibbs' free energy presented in Figure 5 . The values decrease with increasing temperatures for the systems but are positive in case of DMSO-acetophenone mixture and negative for DMSO--xylene mixture. Treszczanowicz et al. [10] and Roux and Desnoyers [11] suggested that is the resultant contribution from several opposing effects. These effects can be primarily divided into three types, namely, chemical, physical, and structural. A physical contribution, that is, specific interactions between the real species present in the mixture, contribute in negative terms to . The chemical or specific intermolecular interactions result in a volume decrease, and these include charge transfer type forces and other complex forming interactions. This effect also contributes in negative values to . The structural contributions are mostly negative and can arise from several effects, especially from changes of free volume and interstitial accommodation. In other words, structural contributions arising from geometrical fitting of one component into the other due to the differences in the free volume and molar volume between components lead to a negative contribution to . The viscosity and deviations are presented in Table 2 and plotted in Figure 2 , respectively, for both systems. The viscosity deviations decrease with the increase in temperature for both systems. The negative Δ values are generally observed for systems where dispersion or weak dipole-dipole forces are primarily responsible for interaction between the component molecules. The viscosity data is also fitted to the two, and the three-parameter models, that is, Herric correlation, the McAllister model, and Grunberg-Nissan correlation, and the evaluated parameters are presented in Tables 6 and 7 . The deviations in molar refraction for both systems are shown in Figure 3 . The Δ values are positive for acetophenone system for the whole composition range which goes on increasing as the temperature of the solution increases. The Δ values are negative for -xylene system for the whole composition range which goes on decreasing as the temperature of the solution increases. In general, the negative values of Δ suggest that we have weak interactions between the component molecules in the mixture. The results of excess isentropic compressibility ( ) are also plotted in Figure 4 . The deviations for DMSO-acetophenone system are initially negative and then become positive when mole fraction is around 0.5, whereas for DMSO--xylene system they are negative over the entire composition range. Deviation in Gibbs free energy for DMSO-acetophenone system follows an arbitrary path, going from negative to positive and vice versa twice, while for DMSO--xylene system the deviations are negative and increase with increasing temperature. (2) 
